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Oocyte vitrification causes less cell stress than slow cooling, but cytoskeletal and spindle alterations may occur affecting the oocyte competence. In vitro maturation (IVM) supplementation with different antioxidant molecules has been performed to attenuate this harmful stress. Coenzyme Q 10 (CoQ 10 ) supplementation has previously shown to have positive effects in bovine and mouse in vitro embryo development. The aim of this study was to evaluate the effects of CoQ 10 during bovine oocyte IVM and vitrification. Cumulus-oocyte complexes (COCs) (n = 311) were cultured under standard maturation conditions with 0 μM (control), 25 μM and 50 μM CoQ 10 supplementation. After 22 hr, a cohort of 170 oocytes both from the control and from CoQ 10 -supplemented groups were vitrified, warmed and returned to incubation until 24 hr of maturation, while the rest of the oocytes (n = 141) remained fresh. Then, oocyte survival was assessed morphologically by stereomicroscopy. Oocytes from all groups were then fixed and stained for assessing cortical granules (CG) migration and nuclear stage. High rates of oocyte MII progression and appropriate CG migration as a continuous layer beneath the plasma membrane were obtained both in control and in CoQ 10 groups. Results showed that although vitrification has great impact in survival of IVM bovine oocytes, 50 μM CoQ 10 supplementation significantly improved oocyte survival (p = .045) and reduced the premature CG exocytosis, helping to preserve the CG migration pattern (31.3% control vs. 54.5% in 50 μM CoQ 10 ; p = .039), attenuating the negative effects of vitrification.
| Cortical granules and nuclear staining and evaluation
Denuded oocytes were immersed in PBS containing 0.4% (w/v) Pronase E for approximately 3 min until the zona pellucida was digested and washed five times with PBS. The oocytes were then fixed in a paraformaldehyde solution at 4% (w/v) in PBS for 30 min at 38.5°C. Afterwards, oocytes were permeabilized and then stained for cortical granules (CG) using fluorescein isothiocyanatelabelled agglutinin (FITC-LCA) and DAPI for DNA staining as previously described by Andreu-Vázquez et al. (2010) . Evaluation of CG migration and nuclear stage was performed for each oocyte.
DNA and different sections of every oocyte were photographed in UV epifluorescence microscope and laser confocal microscope.
Metaphase II (MII) was evaluated for each oocyte. MII morphology status was checked according to a classification modified by Tseng, Chen, Chou, Yeh, and Ju (2004) . Migration of CG was assessed, and their distribution was classified into four patterns according the classification made by Hosoe and Shioya (1997) and modified by Andreu-Vázquez et al. (2010) .
| Statistical analysis
All results were analysed by contingency tables and Fisher's exact test. GraphPad InStat software (3.1a, GraphPad software, San Diego, USA) was used to perform the analysis. This software computes the two-sided p-value using the method of summing small p-values. In all cases, differences were considered significant at p<.05.
| RESULTS
The vitrification process caused a decline in morphological oocyte survival for all groups compared to fresh oocytes (control, p = .0001; 25 μM CoQ 10 , p = .0003; 50 μM CoQ 10 , p = .03). However, oocyte survival of vitrified oocytes from the 50 μM CoQ 10 supplementation group was significantly improved compared to the control one (57.9% vs 77.2%; p = .045). High rates of oocyte MII progression 72.7% ± 4.5; 25 μM CoQ 10 , 76.2% ± 3.2; 50 μM CoQ 10 , 73.2% ± 1.8) and had appropriate CG migration (control, 65.9% ± 1.4; 25 μM CoQ 10 , 64.3% ± 5.4; 50 μM CoQ 10 , 68.3% ± 1.5) for the fresh oocytes.
In all groups, vitrification impaired the maintenance of the MII conformation (control, 37.5% ± 1.0; 25 μM CoQ 10 , 35.3% ± 7.5; 50 μM 
| DISCUSSION
According to the results, morphological survival rates were significantly impaired due to the harmful effects of vitrification. Kuwayama et al. (2005) already described that vitrification lowered survival rates of oocytes explained by thermal, mechanical and chemical factors causing damage of membranes, changes in cortical granules distribution and altered meiotic spindle. In regard of these results, it seems that CoQ 10 helps in the resistance of the oocyte to deal with vitrification stress, as in 50 μM treatment, these differences seem to be attenuated when compared to control.
It has been previously stated that vitrification damages significantly CG (Fuku, Xia, & Downey, 1995) . Interestingly, our results showed that the maintenance of the appropriate CG migration in vit- 
